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A  STUDY  OF  THE  HEMOLYTIC  ANTIBODY- ANTIGEN  COMBINATION. 

I.   Introduction. 

Acoordlng  to  Ehrlich  (1),  a  forined  antigen,  such 
as  a  red  cell  or  bacterium,  has  a  definite  number  of  com- 
bining groups  which  have  an  affinity  for  the  antibody. 
When  the  antigen  is  placed  in  contact  with  its  antibody, 
a  reaction  enaues,  which  progreaaes  until  all  these  bonds 
are  satisfied  or  until  all  the  antibodies  have  entered 
into  the  combination.   It  follows  from  this  that  when  all 
the  combining  affinities  of  the  antigen  are  satisfied,  no 
more  antibodies  can  enter  into  the  reaction  regardless  of 
the  n-umber  that  still  remain  free  in  the  supernatant 
fluid.   This  theory  implies  chemical  affinities  and  a 
com.blnatlon  according  to  the  respective  valencies  of  the 
reacting  substances. 

The  view  of  Arrhenius  was  opposed  to  this.   He 
regarded  the  reaction  as  physical  (2),  and  explained  the 
phenomenon  as  a  distribution  of  a  solute  between  tv;o 
solvents,  the  antibodies  being  the  soliite,  and  the  cell 
protoplasm  and  the  surrounding  fluid  the  two  solvents.   He 
concluded  that  "the  immune  bodies  are  probably  not  bound 
by  the  erythrocytes  but  only  absorbed  by  them" ,  and  that 
"no  proof  has  been  given  of  their  chemical  action." 
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Bordet's  idea  (3),  althoiifh  not  the  same  aa 
that  of  Arrhenius,  was  similar  in  that  he  attempted  to 
explain  the  phenomenon  according  to  phyaioal  laws.   He, 
however,  held  that  the  antibody  or  "eensitizinfr  substance" 
is  adsorbed  in  much  the  same  way  that  a  filter  paper 
takes  up  a  dye.   He  states  that  "the  union  of  the  anti- 
body with  the  antigen  depends  on  what  is  called  molecular 
adhesion  or  contact  affinity,  in  other  words,  should 
be  classed  in  the  category  of  adsorption  phenomena." 

It  has  long  been  known  that  a  red  cell  or  bac- 
teriiijn  will  combine  with  much  more  than  the  amount  of 
antibody  necessary  for  lysis.   Arrhenius  found  that 
the  amount  of  antibody  taken  up  increases  \ii.th   the 
concentration  according  to  a  definite  physical  law, 
which  he  expressed  by  the  equation, 

B  =  K  G^, 
in  which  B  represents  the  amount  of  antibody  absorbed 
by  the  colls,  C  the  concentration  remaining  in  the 
supernatant  liquid  after  absorption,  and  K  and  n  are 
constants.   He  found  the  value  of  n  to  be  2/3,  and  from 
the  equation  and  the  calculated  value  of  n,  he  inter- 
preted the  reaction  as  a  distribution  of  the  antibodies 


between  the  red  cell  protoplasm  and  the  surrounding 
liquid  as  solvents,  and  that  two  of  the  antibody  mole- 
oules  free  in  the  serum  form  three  of  the  combined 
molecules , 

Manwarlng's  work  (4-8)  on  this  same  phenomenon 
failed  to  confirm  the  conclusions  of  Arrhenius.   He 
found  that  the  absorption  did  not  follow  any  sim.ple 
physico-chemical  law,  and  that  K  and  n  were  not  constants. 
Manwaring  obtained  what  he  calls  a  "negative  absorption" , 
i.e.,  the  titer  of  the  serum  dilutions,  when  great  con- 
centrations of  antibody  units  were  used,  was  often  greater 
after  contact  with  the  corpuscles  than  before.   He  con- 
cluded, therefore,  that  qualitative  changes  take  place 
In  the  amboceptor  due  to  its  contact  with  the  cells, and 
"that  any  direct  quantitative  comparison  between  it  and 
the  untreated  serum  gives  erroneous  results." 

From  these  and  other  experiments,  he  came  to 
the  conclusion  that  there  is  a  "third  component"  in  the 
serum  besides  the  antibody  and  complement,  which  varies 
in  quantity  in  different  animals.   This  third  componeht 
may  be  "antilytlc",  or  "auxilytic",  but  never  has  inde- 
pendent hemolytic  powers,  although  it  may  be  absorbed 
by  the  red  cells.   In  addition,  he  mentioned  several 
other  factors  influencing  the  antigen-antibody  combi- 
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nation,  among  which  are  the  reaction  and  specific  gravity 
of  the  mediTJm  and  the  amount  of  inorganic  salts. 

Amato  (23),  in  a  recent  study  of  opsonic  sensi- 
tization of  bacteria,  has  come  to  the  conclusion  that 
the  union  of  the  opsoniiis  with  the  bacteria  is  governed 
by  the  same  law  that  governs  the  union  of  hemolysins  with 
the  antigen.   He  found  the  same  equation  applicable  to 
the  opsonins  which  Arrheniua  applied  to  the  hemolysins 
and  concluded  that  the  reaction  is  probably  a  distri- 
bution of  the  opsftnins  between  two  solvonta  in  which 
they  have  different  molecular  weigiits. 

Coulter  (9  and  10)  has  done  some  very  definite 
v^ork  on  the  influence  of  the^mediTjm  on  the  absorption  of 
hemolytic  sensitizer  by  red  cells,  and  on  the  disnociation 
of  the  combination,   fie  found  pH  =  5,3  to  be  the  optimum 
H-ion  uoncentration  for  the  absorption.   However,  he  also 
found  very  little  difference  in  absorption  between  the 
values,  pH  =  4,5  and  pH  =  6.C,  in  tho  aalt-free  medium, 
and  a  much  wider  range  in  medium  containing  salt. 

Kahn  (11),  in  a  very  recent  work  on  the  absorption 
of  Iiomolytic  sensitizer,  has  made  some  studies  en  the 
rate  of  the  reaction  at  the  various  temperatures.   He 
finds  that  the  reaction  is  completed  very  quickly,  in 
every  case  at  the  end  of  fifteen  minutes.   He  also  finds 


"that  the  extraction  ia  greater  at  37"  than  at  room 
teirjci'iture,  which  in  turn*i3  greater  than  at  ice-box 
temperature."  ' 

It  is  seen  then  that  tho  antigen- antibody  com- 
bination is  influenood  by  time,  temperature,  the  reaction 
of  the  medium, and  the  amoiint  of  inorganic  salts.   In 
addition,  there  is  also  considerable  variation  due  t  o 
uncontrolled  factors,  which  vary  with  the  different  lots 
of  serum  used  —  those  variations  which  caused  the 
differences  of  opinion  between  Arrhenius  and  Manwaring. 

In  the  faoo  of  all  that  has  been  done  on  the 
absorption  of  hemolytic  antibodies  by  red  cells,  it 
would  seom  almost  hopeless  to  try  to  add  anything  new, 
either  in  fact  or  theory.   However,  it  is  thought  that 
the  results  of  the  experiments  recorded  in  this  paper 
are  significant  in  suggesting  an  explanation  of  the 
differences  obtained  by  Arrhenius  and  Manwaring,  without 
the  necessity  of  resorting  to  the  sub-divided  "third 
component",  or  to  any  qualitative  changes  in  the  ambo- 
ceptor due  to  its  contact  witia  the  red  cells. 

In  all  the  discuaaions  the  terms,  "simboceptor" , 
"antibody",  "sensitizer",  and  "immune  body",  will  be 
used  interchangeably. 
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Experimental. 

II,   The  Concentration  of  the  Hemolytio  Antibodlea  as  a 
Faotor  Influencing  their  Absorption  by  Red  Oella. 

These  experiments  were  carried  out  in  order  to 
determine  how  many  times  the  eunoiont  of  sensitizer 
neoesaary  for  hemolysis  the  red  cell  will  absorb,  and 
whether  or  not  there  is  a  definite  saturation  point,  as 
mig:ht  be  assumed  from  Ehrlich's  theory,  above  which  the 
red  cells  will  absorb  no  more,  regardless  of  the  amount 
still  remaining  free  in  the  serum. 

The  teohnic  v/as  as  follows:   Rabbits  and  guinea- 
pigs  were  immunized  to  the  red  cells  of  the  sheep,  by 
intraperitoneal  injections  of  the  guinea-pigs  and  intra- 
venous injections  of  tiie  rabbits.   The  seriiai  so  obtained 
was  inactivated  at  se'c,  for  7,0   minutes  and  then  care- 
fully titrated  against  fresh  sheep  cells  that  had  been 
collected  in  one  per  cent,  sodium  citrate  and  washed  four 
times  in  large  volimes  of  normal  salt  solution.   The  unit 
of  cello  was  arbitrarily  chosen  as  0.1  co.  of  a  l/4  ♦ 
suspension  (measured  in  terms  of  whole  blood),  and  the 
umit  of  complement  as  0.1  cc,  of  a  l/5  dilution  of  fresh 


*  All  dilutions  and  suspensions  were  made  in 
normal  salt  solution.   A  l/4  suspension  of  cells  means 
one  part  of  cells  plus  three  parts  of  salt  solution. 
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normal  guinea-pig  serum,  pooled  from  several  animals. 
The  unit  of  antibody  or  sensitizer  was  defined  as  the 
smallest  amount  of  the  immune  serum  which,  under  the 
atove  conditions,  would  just  suffice  to  hemolyzo  a  unit 
of  sheep  corpuscles  in  a  total  volume  of  1  cc,  in  one 
hour's  incubation  at  37''c.   Protocol  1  will  illustrate. 

Protocol  1.   Type  for  Hemolytic  Titrations. 

Tubes  123  456789 


Immune   *  1/200 
serum      0.5   0.4 

0.3 

0.25 

l/50b 
0.5   0.4 

0.3 

0 

0 

(iuinea-pig  l/5 
complement  0.1 

0.1 

0.1 

0.1 

'  0.1   0.1 

0.1 

0.1 

0 

Sheep  cells 
1/4       0.1 

0.1 

0.1 

0.1 

0.1   0.1 

0.1 

0.1 

0.1 

Salt 

solution   0.2 

0.4 

0.5 

0.55 

0,3   0.4 

0.5 

0.8 

0.9 

Hemolysis 

1  hour  <:-•!!•  4  H- 

4  + 

4->- 

4  t 

4-h   3  + 

2  + 

0 

0 

it-     The  numbers,  l/£C0  and  1/500,  represent  the 
dilutions  of  the  immune  servun  used  in  the  tubes.   For 
instance,  tubes  1  to  4  received  0,5,  0.4,  0.3,  and  0,25  cc. 
of  a  1/200  dilution,  respectively. 

•8f*  4+  m.eans  complete  hemolysis.   The  degrees  of 
hemolysis  are  indicated  by  the  signs,  3+,  2+,  and+  . 


In  the  above  sample  titration,  it  is  seen  that 
the  hemolytic  unit  of  this  particular  serum  is  0.5  cc.  of 
a  1/5  00  dilution,  or  l/l,COO  cc.   Then  1  cc.  of  this  serum 
contains  1,000  hemolytic  units.   The  titer  is  expresBed  as 
1/1,000,  or  sometimes  as  1,000. 

In  making  the   absorption  tests,    a  niJraber  of   tubes 
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Protocol  2.   Type  for  Absorption  of  Kemolytic  Unite 
by  Sheep  Red  Cells.   # 


Sensitizer 


Sheep 


Tube   Units Quantity   cells   Salt 
nuir.ber  per  oc.    of        l/4    sol. 


"Titer""        "" 
after     Units 
absorp-  absorbed 
tion 


1 

5 

1  cc. 
1/400 

0.2 

0.8 

0 

5 

2 

10 

0.2  cc. 
1/40 

o.a 

0.6 

0 

10 

5 

20 

0.4  CO. 
1/40 

0.2 

1.4 

0 

20 

4 

50 

1.0  CO. 
1/40 

0.2 

0.8 

1/2 

48 

5 

70 

1.4  CO. 

1/40 

0.2 

0.4 

1/8 

62 

6 

100 

0.2  CO. 
1/4 

0.2 

1.6 

1/12 

88 

7 

200 

0.4  CC. 
1/4 

0.2 

1.4 

1/40 

160 

8 

500 

1.0  cc. 
1/4 

0.2 

0.8 

1/150 

350 

9 

1000 

0.5  cc. 
undll. 

0.2 

1.3 

1/400 

600 

10 

2000 

1.0  cc. 
undi 1 . 

0.2 

0.8 

l/lOOO 

1000 

11  ** 

5  0 

1.0  cc. 
1/40 

0 

1.0 

1/50 

0 

12 

500 

1.0  cc. 
1/4 

0 

1.0 

1/5  00 

0 

*  All  the  sets  were  made  in  duplicate. 
*•»   Sets  11  and  12  are  controls. 
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were  arranged,  each  containing  two  unite  of  sheep  cells, 
and  sensitizer  in  varying  amounts.   Enough  salt  solution 
was  added  to  each  tu"be  before  the  sensitizer, to  make  the 
final  vclume  two  cubic  centimeters.   The  tubes  were 
incubated  in  a  water  bath  for  50  miriutes  at  27°  C,  after 
which  the  red  cells  were  removed  by  oentrifugalization 
and  the  supernatant  fluid  titrated  as  in  Protocol  1,  to 
detern^ine  the  number  of  units  of  sensitizer  lost,  i.e., 
the  number  removed  by  the  red  cells.   The  use  of  all  the 
materials  concerned  in  the  reaction  in  only  twice  the 
amount  ordinarily  used  for  titration  overcame  the 
necessity  for  the  use  of  an  lindue  amount  of  immune  serum 
ard  still  afforded  sufficient  supernatant  fluJd  for  the 
subsequent  titration.   The  method  is  shown  in  Protocol  2, 

Tables  I  and  II  show  the  ab  script  ion  from  immune 
rabbit  and  guinea-pig  serum  in  concentrations  ranging 
from  5  to  2,000  lonits  per  cubic  centimeter.   On  the 
first  line  of  each  table  are  shown  the  concentrationa 
with  which  the  cells  were  treated,  and  on  the  following 
lines  are  shown  the  amounts  of  antibody  taken  up  by  the 
cells  from  each  concentration  in  the  tests  made  with  the 
different  lots  of  serum.   Some  of  the  results  are  also 
shown  graphically  in  Figs.  1,  2,  and  3,  in  which  are 
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Table  I.   Absorptior;  of  Antibodies  from  Rabbit  Immune 
Serum  by  Sheep  Erythrocytes. 


Concentration  of 

antibody  units 

per  cc.  in  the     20  50  100  200  500  1000  2000  Remarks. 

8  erum  di lut  i  ons . 


Units 
ab- 
sorbed. 


Teat 

n 

4t 

1 
2 

20 
20 

49 

48 

90 
92 

180 
175 

340 

Titer 
1/1 0000. 

ti 

# 

3 

20 

47 

86 

160 

300 

360 

Sorum  of 
test  2,  stored 
4  months, 
titer  1/6000. 

N 

# 

4 

47 

90 

167 

375 

5  00 

670 

n 

# 

5 

47 

92 

150 

375 

500 

•• 
If 

# 

6 

7 

19 

18 

47 
30 

88 
44 

150 
77 

300 

500 

750 

Titer 
l/lOOO. 

If 

4 

8 

20 

49 

97 

180 

300 

ff 

# 

9 

49 

95 

193 

45  0 

700 

1200  Titer 
1/40000. 

#10 


#11 


49 


47 


98   185 


87   150 


350    540    875 
Seriiro  from  same  rabbit 
as  in  test  9,  8  days 
later,  fiter,  1/25000. 


1  Betbodlicih 
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Table  II.  Absorption  of  Hemolytic  Antibodies  from 

»   Immune  Guinea-pig  Serum  by  Sheep  Erythrooytes. 


Concentration  of 
antibody  units 
per  oc.  in  the 
serijm  dilutions. 

5 

10 

20 

50 

100 

200 

500  Titer. 

Units 

Test 

#  1 

5 

10 

19 

41 

70 

100 

1/4000 

Absorbed 

ft 

#  2 

4    7 
Serum 

12 
Of  te 

20 
8t  1, 

40     70 
,  stored  4 

1/25  00 
months. 

#  3 

4 

6 

12 

25 

40 

70 

235  1/1 000 

#  4 

4 

6 

10 

20 

33 

40 

100  1/lOOC 

#  5 

4 

5 

8 

50 

l/lOOC 

#  6 

3 

4 

10 

20 

1/125 

#  7 

17 

20 

33 

1/2000 

»  From  1000  -units  sensitizer  from  guinea- pig 
serum  the  absorption  v/as  so  often  difficult  to  determine 
that  it  is  not  listed  here.   Often  no  difference  in  titer 
could  be  detected  after  contact  with  the  cells. 
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plotted  the  logarithms  of  the  amounts  absorbed  against 
the  logaritlmts  of  the  concentrations  remaining  in  the 
liquid  after  the  absori)tj.on  is  completed.   The  plot,  as 
is  seen,  tends  to  approach  a  straight  line. 

A  study  of  Tables  I  and  II  brings  out  several 
important  facts.   Even  from  comparatively  low  concentra- 
tions of  antibody  units  all  are  not  absorbed,  while,  if 
the  concentration  in  the  liquid  is  sufficiently  high, 
massive  quantities  are  taken  up.   The  only  instances  in 
v/hich  the  reaction  seems  to  be  complete  are  when  very 
low  concentrations  are  used,  and  even  here,  the  assumption 
that  all  the  sensitizer  is  absorbed  does  not  seem 
justified,  because  amounts  much  less  than  one  unit  per 
cubic  centimeter  could  not  be  detected  by  the  method  of 
titration  used  in  these  experiments.   It  is  evident, 
therefore,  that  the  niimber  of  amboceptor  unite  taken  up 
by  the  sheep  red  cells  varies  with  the  concentration  of 
those  units  in  the  surroiinding  medluui;   the  more  con- 
centrated the  xonjts  are,  the  more  are  absorbed. 

Another  fact  to  be  noted  is  that  the  absorption 
is  nearly  always  higher  from  the  rabbit  serum  than  from 
the  guinea-pig  serum,  and  that  the  absorption  varies 
with  the  serum  of  individuals  of  the  same  species.   This 
will  be  referred  to  later. 
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Explanation  of  the  Figures: 

Fig.  1.  Logarithmic  plot  of  the  data  of  Table  III 
The  amount  of  sensitizer  absorbed  is  plotted  against  the 
concentration  remailiing  in  the  supernatant  liquid. 
Titer  of  serum,  1/4, COO.   K  =  22.18,   n  =  0.5. 

Fig.  2.   Curves  A  and  B,  logarithmic  plots  of 
the  data  of  tests  3  and  4  of  Table  II.   The  data  for 
these  plots  are  also  shown  in  Table  VI.   For  Curve  A, 
K  =  3.225,   n  =  0.78.  *  For  Curve  B,  K  =1.97,   n  =  0.61, 

Fig.  3.   Logarithimic  plots,  A  and  B,  representing 
the  data  of  Tables  IV  and  V.   The  sera  were  obtained 
from  rabbit  69  on  the  10th  and  24th  days  respectively. 
For  Curve  A,  K  =  165.9,   n  =  0.36.   For  Curve  B, 
K  =  80.73,   n  =  0.4. 

Fig.  4.   Logaritlimic  plot  of  the  data  of  test  5, 
Table  IX.   K  =  65.32,   n  =  0.37. 

Fig.  5.   Similar  plot  of  test  12,  Table  IX. 
K  =  35.0,   n  =  0.51. 


*  Where  the  plot  deviates  from  the  straight 
line  the  values  of  K  and  n  can  be  determined  only 
approximately. 
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The  results  here  recorded  agree,  In  part,  with 
those  obtained  by  Arrhenlus  and  Morpanroth  (2)  In  their 
work  on  the  absorption  of  Immvine  bodies  by  ox  and  aheep 
cells,  in  which  they  were  able  to  express  the  reaction 
according  to  the  equation, 

B  =  K  C". 
This  equation  holds  true,  however,  only  when  the  log- 
arithirtlc  plot,  as  shown  in  the  figures,  represents  a 
straight  line;  and  the  farther  it  deviates  from  the 
straight  line,  the  more  inapplicable  becomes  the  equation, 
because  of  the  variation  in  the  values  of  the  constants, 
K  and  n,  between  the  different  concentrations.   The 
tests  represented  by  Figs,  1  and  3A  shov/  practically 
straight  line  plots,  so  here  the  equation  can  be  applied. 
The  experimental  and  calculated  results  compare  very 
favorably,  as  is  shown  in  Tables  III  and  IV,  which 
correspond  to  Figs.  1  and  3A,  respectively.   The  disd^vet^nett 
Is,  in  most  oases,  within  the  limits  of  experimental 
error.   The  values  of  the  constants,  K  and  n,  should  be 
noted.   The  "absorption  constant",  K,  is  22.18  for 
Table  III,  and  for  Table  IV,  K  =  169,5,  which  is  very 
much  higher.   The  absorption  is  also  very  much  higher 
from  all  concentrations  in  Table  IV.   The  value  of  n 
differs  for  the  two  tables,  and  in  both  it  Is  very  much 
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Table  III.   Experimental  and  Calculated  Results  from 
Test  6,  of  Table  I. 


B   # 

C    (obs.) 

C    (calc.) 

K 

n 

46 

4 

4.4 

22.18 

0.5 

88 

12 

15.7 

150 

5  0 

45.7 

300 

200 

1'70.3 

500 

500 

508.2 

750 

1250 

1144.0 

1000 

2000 

2034.0 

Table  IV,  Experimental  and  Calculated  Results  from 
Absorption  Tests  t'ade  on  the  Serum  of 
Rabbit  69,  Obtained  on  the  10th  Day. 


B 

C_ 

(obs.) 

C_ 

(calc.) 

K 

n 

198 

2 

2 

165.9 

0.36 

487 

13 

24 

875 

125 

124 

1340 

660 

408 

2350 

1650 

195  C 

4000 

6  000 

8000 

*  B  =  the  number  Of  units  absorbed  by  the  cells, 
C  =  the  concentration  remaining  after  absorption. 
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Table  V.   Rosulte  of  Absorption  Teste  on  the  Serum  of 
Rabbit  69,  Obtained  on  the  24th  Day. 


B 

G    (obs.) 

G    (calo.) 

157 

3 

5 

380 

20 

15 

630 

170 

170 

800 

800 

309 

1000 

3000 

540 

K 


80.73 


0.4 


Table  VI.  Experimental  and  Calculated  Results  from 
Absorption  of  Sensitizer  from  Guinea-pig 
Immime  Serum  by  Sheep  Erythrocytes. 
Curve  A,  Pig.  2. 


B 

C    (obs.) 

C    (calo.) 

6 

4 

2.54 

12 

8 

7.19 

25 

25 

21.52 

40 

60 

43.68 

70 

130 

101.20 

235 

165 

622.10 

K 


3.225    0.78 


Curve  B,  Pig.  2. 


6 

4 

5.3 

1.969 

0.61 

10 

10 

11.5 

20 

30 

32.8 

33 

67 

68.9 

40 

160 

91.6 

100 

400 

362.3 

00  o 
0001 
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lower  than  the  value,  2/3,  which  was  found  by  Arrhenius. 
In  Fig  1,  n  =  0.5,  and  in  Fig.  3A,  n  =  0.36,  i.e.,  the 
the  curve  having  the  steeper  gradient  has  also  the  higher 
value  for  n.   Thus,  it  is  seen  that  the  constants  vary 
with  the  different  lets  of  serum  used,  the  value  of  K, 
determining  the  position  of  the  curve,  and  of  n,  the 
gradient. 

In  Fig.  2,  there  are  shown  two  plots,  A  and  B, 
representing  the  two  tests  shown  in  Table  VI.   Curve  A 
deviates  considerably  from  the  straight  line  so  the 
values,  K  =  3,225,  and  n  =  0.78,  are  necessarily  cal- 
culated only  approximately  from  the  averages  of  several 
determinations  made  at  intervals  along  the  curve.   There 
is  also  in  the  table  quite  a  discrepancy  between  the 
observed  and  calculated  results.   The  table  for  curve  B, 
which  approximates  the  straight  line  very  closely,  shows 
a  very  close  agreement  between  the  observed  and  the 
calculated  results. 
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III.   The  Rate  of  the  Reaction  'between  the  Antigen  and 
Antibody,  In  vitro. 

It  would  seem  that  the  linlon  of  the  antigen  and  antiboiJvj 
is  extremely  rapid,  and  practically  instantaneous  in 
vivo.   This  is  demonstrated  by  the  anaphalactic  shock  in 
hypersensitive  animals,  for  when  the  antigen  is  Injected 
into  the  blood-stream,  the  shock  often  occurs  immediately. 
Bull  (12)  has  found  pneiimocccci,  when  injected  into  the 
blood-stream  of  an  immime  animal,  to  be  agglutinated 
within  a  very  few  seconds. 

In  the  previous  absorption  experiments,  the  cells 
were  allowed  to  remain  in  contact  with  the  sensitizing 
serxm  for  30  minutes,  which  was  considered  sufficient 
time  for  the  reaction  to  reach  equilibrixjm.   In  order  to 
control  this,  however,  it  was  necessary  to  establish 
definitely  whether  or  not  the  time  allowed  was  enough, 
and  how  much  it  could  be  varied  without  influencing  the 
results . 

In  this  experiment,  sheep  cells  and  sensitizer 
were  allowed  to  remain  in  contact  for  varying  periods  of  iitnt 
and  the  amount  taken  up  tested  by  titration,  as  in  the 
previous  experiments.   The  longest  time  v/as  two  hours. 
The  shortest  time,  which  is  listed  as  one  minute  in  the 
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Tatle  VII.   Rate  of  the  Antigen-zVntibody  Reaction. 


Concentration  of 
antibody  linita 
per  CO.  in  the 
ser-um  dilutions. 

100 

100 

165 

250 

5  00 

2000 

Time. 

60 

65 

80 

250 

1  min, 

84 

82 

100 

120 

350 

400 

5   " 

Units 
Absorbed. 

87 
87 
90 

88 
88 
90 

100 
100 
100 

125 
125 
125 

375 
375 
375 

400 
400 
400 

15  " 
30  " 
60  " 

87 

88 

100 

125 

375 

400 

120" 

—25- 


table,  could  not  be  kept  absolutely  constant.   The  cor- 
puaclee  were  added  to  the  serion  dilute. ons,  shaken  up 
thoroughly,  and  imirediately  centrifuged  at  high  speed. 
The  time  during  which  the  cells  were  in  free  contact  with 
the  serum  was  certainly  not  more  than  two  minutes  in  any 
case.   The  results  are  given  in  Table  VII. 

It  is  evident,  from  this  table,  that  equilibrium 
is  reached  very  quickly.   It  is  practically  complete 
v.'j  thin  five  minutes,  and  entirely  so  in  every  case  at  the 
end  of  fifteen  minutes.   A  slight  dissociation,  at  the 
end  of  two  hours,  is  indicated  in  the  absorption  from 
100  units,  but  this  is  not  very  pronounced  and  does  not 
show  at  all  in  the  higher  concentrations.   The  data 
given  hare  are  few,  but  the  experiment  serves  its  purpose 
as  a  control  to  the  other  experiments,  and  shows  that  the 
time  allowed  for  the  absorption  may  be  varied  within  a 
wide  range  without  materially  influencing  the  results. 
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IV.   The  Influence  of  Temperature  on  Absorption  of 
Antlhodiea  by  Red  Cells. 

A  temperature  of  37^*0 .  3.3  employed  in  most  sero- 
logical reactions.   The  combination  of  the  antigen  and 
antibody,  however,  takes  place  at  much  higher  and  much 
lower  temperatures.   Differences  of  opinion  occur  among 
the  different  investigators,  as  to  the  best  temperature 
for  the  combination.   Neil  (13)  and  Kolmer  (15)  advise 
the  use  of  room  temperature  as  the  best  for  the  sensi- 
tization of  cells,  while  Hinton  (14)  recommends  157  C 
These  opinions  were  advanced  as  the  result  of  rather 
extensive  work  on  the  standardization  of  the  Wassermann 
Reaction.   Kahn  (11)  states  that  "the  extraction  is 
greater  at  37°  than  at  room  temperature,  which  in  turn 
is  greater  than  at  ice-box  temperature." 

In  the  experiments  here  recorded,  the  influence 
of  the  variation  of  the  temperature  on  the  absorption 
of  hemolytic  antibodies  has  been  observed.   The  ab- 
sorption tests  were  carried  out  as  in  the  foregoing 
experiments,  using  the  rabbit  anti-sheep  hemolytic 
system.   Duplicate  tests  were  made  for  each  temperature 
and  concentration.   The  antibody  dilutions  were  made 
first,  and  the  cells  added  after  both  had  been  brought 
to  the  required  temperature.    It  is  needless  to 
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Table  VIII.   The  Influence  of  Temperature  upon  the 
Antigen-Antibody  Reaction. 


(A). 


Serum 

A 

B 

C 

D 

Concentration  of 

antibody  unita 

100 

600 

400 

Temper- 

per GC.  in  the 

65 

130 

320 

ature. 

serum  dilutions. 

92 

325 

55 

105 

120 

108 

0*0. 

Units 

95 

475 

60 

120 

190 

1'75 

15  " 

96 

475 

62 

120 

200 

180 

25  " 

Absorbed 

97 

475 
500 
475 
440 

62 

130 

220 

220 

37  - 
40  " 
45  " 
50  " 

400 

55  - 

(B) 


Serum  of  Rabbit  487. 


Concentration  of 

antibody  imita 

per  cc.  in  the    100  100   200 

serum  dilutions. 


200 


500 


Temper- 
800  ature. 


Units 
Absorbed 


92 

93 

180 

178 

330 

580 

0"C 

95 

95 

187 

183 

340 

600 

15  - 

95 

95 

18-7 

184 

340 

600 

25  " 

90 

93 

180 

l'^8 

330 

575 

37  " 

88 

175 

167 

5'?  5 

40  " 

83 

163 

160 

320 

550 

45  - 

75 

155 

150 

310 

45  0 

50  " 

120 

300 

400 

55  " 

75 

300 

60  " 

erfi^   ctocf 
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Table  VIII,      Contlniaod. 

(C).   Absorption  from  100  Units  of  Sensitizer  from 
the  Sera,  E  to  I. 


Temperature 

0 

Room 

37 

45 

Absorption 

E 

88 

94 

95 

90 

F 

93 

96 

94 

87 

from 

G 

100 

100 

100 

99 

H 

40 

50 

55 

45 

Sera 

I 

50 

70 

60 

50 

(D).  Absorption  from  200  Units  of  Sensitizer  from 
the  Sera,  E  to  I. 


Temperature 


Room    37 


45 


Absorption    g  ^^45  170  185  175 

P  167  183  170  155 

G  199  200  200  199 

H  120  160  165  135 

I  80  120  100  100 


from 
Sera 


say  that  the  testa  at  all  different  temperatures  v/lth 
one  lot  of  seriim  were  made  on  the  same  day  with  the 
same  lot  of  oells  and  complement.   The  results  are  given 
in  Table  VIII. 

In  the  testa  with  the  aera  A,  B,  G,  and  D.  the 
absorption  was  greater  at  37°  than  at  the  lower  temper- 
atures.  That  is,  the  absorption  at  37°>  25  =  or>15''>0°. 
In  the  tests  with  the  serum  of  rabbit  B,  the  absorption 
was  greater  at  40°  than  at  any  other  temperature. 

The  seriim  from  rabbit  487,  however,  when  tested 
gava  a  different  result.   Seven  testa  were  made  on  this 
one  lot  of  serum  at  different  times,  using  the  various 
concentrations  listed  in  the  table.   In  every  test,  the 
temperature  of  15°  to  25**  proved  to  bo  the  optimum, 
lower  absorptions  being  obtained  at  0*,  and  37°,  and 
above.   The  relative  araotmts  of  absorption  for  this  serum 
may  be  expressed  thus:   15  •  =  25*'>  0°=  or>37*' ,   It  is 
true  that  the  differences  in  absorption  between  15"  and 
37"  are  not  great,  but  they  consistently  appear  in  all 
the  concentrations  tested. 

The  results  obtained  with  this  serum  suggested 
that  tlie  optirau^n  temperature  for  the  absorption  might  be 
a  variable,  which  is  different  for  the  different  sera. 
Therefore,  other  lots  of  seriorc,  which  had  been  kept 
stored  v/ith  phenol,  were  tested  to  see  if  any  would  fall 
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into  the  same  olaaa  with  that  of  rabbit  487.   These  are 
listed  in  the  table  aa  aera  E  to  I,  inoluaive.   The 
laat  two,  H  and  I,  ware  from  guinea-piga  and  the  rest 
were  frorc  rabbita.   Table  VIII,  (C)  shows  the  absorption 
from  100  lonits  of  sensitizer  from  each  of  these  sera  at 
the  different  temperatures.   In  Table  VIII,  (D),  is 
ahown  the  absorption  from  200  iinita.   Of  these  four  aera, 
F  and  I  proved  to  be  in  the  same  olaas  as  that  of 
rabbit  487,  i.e.,  about  room  temperature  is  the  optimum 
for  absorption. 

Those  inveatigatora,  therefore,  who  claim  that 
either  room  temperature  or  37°  ia  the  beat  for  the 
senaitization  of  the  cells,  were  doubtleaa  right  in 
their  observations,  but  any  generalization  that  all  aera 
react  in  the  same  way  ia  obviously  incorrect.   The  beat 
temperature  for  the  aensitization  of  the  cells  aeema , 
rather,  to  be  a  variable,  its  absolute  value  depending 
on  the  particular  lot  of  serum  used  in  the  test.   No 
explanation  of  this  variability  is  here  advanced. 
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V.   The  Relation  of  the  Globulin  Content  of  the  Iimnune 
Serum  to  the  Absorption  of  the  Antibodies, 

It  was  noted  in  Section  I  that  the  absorption 
of  hemolytic  antibodies  by  sheep  cells  varies  with  the 
sera  of  different  animals  of  the  same  species  and  of 
different  species.   The  question  at  once  arises  as  to 
the  cause  of  this  variation. 

Manwaring  (16)  has  shown  that  sertrn  proteins 
may  be  absorbed  by  the  red  cells  of  another  species. 
It  has  long  been  known  that  the  immune  bodies  are,  in 
most  cases,  thrown  out  of  the  seriom  along  with  the 
globulin  fractions,  and  Hurwitz  and  Meyer  (17  and  18) 
have  shown  that  these  globulins  are,  as  a  rule,  although 
not  necessarily,  increased  in  varying  amounts  during 
the  process  of  immunization.   The  increase  is,  in  their 
opinion,  due  to,  and  roughly  proportional  to  the  amount 
of  metabolic  disturbances  set  up  in  the  animal.   The 
evident  relation  of  the  globulins  to  the  antibodies, 
in  these  respects,  suggested  a  possible  connection  with 
the  absorption  of  the  antibodies  by  the  cell-antigen. 
The  exper5.ments  recorded  in  this  section  were  undertaken 
with  this  idea  in  mind. 

The  sera  of  rabbits  and  guinea-pigs  were  used 
in  this  work,  and  quantitative  determinations  of  the 
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Table  IX.   Absorption  from  Immune  Sera  with  Quantitative 
Determinations  of  the  Serum  Proteins. 


Concentration  of 

Per 

'  cent. 

antibc 

Ddy  units 
3.  in  the 

20 

5  0 

100 

200 

500 

Titer 

per  c( 

Glob. 

Alb. 

serum 

dilutions. 

Units 

absorbed  in 

Teat 

Animal 
Rabbit 

1 

276 

50 

99 

193 

8000 

1.71 

5.73 

2 

374 

45 

80 

150 

2000 

1.82 

4.26 

3 

471 

47 

87 

150 

2500 

1.16 

5.6 

4 

487 

49 

95 

193 

40000 

1.48 

5.62 

5 

481 

97 

175 

10000 

1.95 

4.48 

6 

481 

30 

5  0 

91 

160 

1500 

3.24 

2.63 

7 

481 

18 

30 

55 

100 

800 

2.7 

4.18 

8 

481 

15 

23 

3-7 

600 

2.74 

4.76 

9 

481 

18 

30 

55 

102 

500 

2.34 

4.6 

10 

481 

17 

35 

65 

120 

500 

2.81 

4.12 

11 

481 

20 

42 

76 

140 

500 

3.92 

4.15 

Animal 

emao 

lated 

,  died 

soon  after. 

12 

486 

94 

18  0 

410 

8000 

2.41 

4.01 

13 

486 

30 

52 

91 

160 

1500 

3.47 

2.^3 

14 

486 

40 

80 

15  0 

1000 

2.2 

4.5 

15 

486 

19 

38 

71 

800 

1.96 

5.38 

16 

486 

18 

30 

55 

102 

500 

2.19 

4.8 

17 

486 

17 

35 

65 

120 

600 

2.77 

3.85 

18 

486 

18 

40 

71 

134 

37  0 

600 

3.42 

4.25 

Animal 

emao 

iated 

,  died 

soon  after. 

19 

Guinea- 
pig. 

15 

25 

40 

45 

2000 

2.51 

2.48 

20 

•f 

15 

20 

30 

40 

1500 

2.65 

2.08 

21 

n 

1"^ 

20 

33 

2000 

3.03 

2.08 

s.r 
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serum  proteins  were  made  on  each  lot  of  aeruin  before 
the  absorption  testa  were  done.   The  protein  determin- 
ations were  made  according  to  the  microrefractometrio 
method  of  Robertson  (19)  ,  with  an  Abbe  refractometer. 
Serim,  inactivated  at  56*0.,  was  always  used  fresh  to 
avoid  the  possibility  of  bacterial  contamination,  and 
special  attention  was  given  to  the  cleaning  of  the 
glass-ware . 

The  results  of  this  work  are  given  in  Table  IX.  « 
There  is  no  evidence,  from  these,  that  the  amounts  of 
the  serum  proteins  present  have  any  relation  to  the 
amount  of  sensitizer  absorbed  by  the  cells.   Rabbits 
481  and  486  were  bled  and  tested  at  intervals  for  116 
days  after  the  beginning  of  the  immunization.   The 
globulins  and  albumins  fluctuated  considerably  during 
that  time,  but  the  fluctuations  seem  not  to  bear  any 
evident  relation  to  the  absorption.   At  the  time  of  the 
last  bleeding  both  animals  were  emaciated  and  the  globulins 
of  both  sera  v/ere  very  high.   They  were  about  the  same 
in  amount  as  at  the  second  bleeding,  but  the  absorption 
is  much  more  complete. 


*  The  figures  given  in  Tables  IX  to  XII  do  not 
all  represent  the  actiial  experimental  results.   In  many 
cases  the  concentrations  tested  did  not  coincide  with 
those  given  in  the  tables,  so  the  figures  had  to  be 
interpolated  from  the  logarithmic  charts,  for  the  pur- 
pose of  tabulation. 


^rieint   J 


,■-;■  vrrr    ■  ■  •■"    r:rt?:o.tr,'i:'r 

enew  9P- 
"la  bnjB   f"'  r^f  ■-  r-. 

ntbeeLd  ,1ijnL 
files  xl:tO':r  *io 


VI.   The  Relation  between  the  Absorption  of  the 
Antibodies  and  the  Titer  of  the  Serum. 

It  has  been  noted  that  the  constants,  K  and  n, 
vary  in  the  absorption  from  the  sera  of  different  ani- 
mals.  It  has  also  been  observed,  incidentally,  that 
often  the  serum  of  the  higher  titer  showed  the  higher 
absorption.   In  tests  2  and  3,  of  Table  I,  the  serum  was 
tested  fresh  and  then  tested  again  after  four  months' 
storage,  during  which  time  the  titer  dropped  from  10,000 
units  to  6,000  units  per  cc.   The  later  test  gave  a 
somewhat  lower  absorption  than  when  the  serum  was  first 
dravm.   Another  seri-un  was  tested  with  a  titer  of  40,000 
units  per  oc,  and  gave  a  very  high  absorption  (test  9, 
Table  l).   The  rabbit  was  kept  and  its  serirn  drawn  again 
8  days  later  (test  10,  Table  I).   The  titer  had  dropped 
to  25,000  units  per  oc,  and  from  all  concentrations 
a  narked  lowering  of  the  absorption  was  observed.   It 
was  thought,  therefore,  that  there  might  be  a  relation 
between  the  titer  of  the  serum  and  the  number  of  anti- 
body units  the  red  cells  would  take  up. 

A  numher   of  fresh  sera  of  both  high  and  low 
titers  were  tested.   Some  of  the  animals  having  serum 
of  high  titer  were  tested  subsequently,  after  the  titer 
had  dropped.   The  results  are  given  in  Table  X.   In 
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Table  X.      Relation  of   the  Alnaorptlon  to   the   Titer  of   the 
Servuii. 


Concentration  of 

antibody  units 

per  cc 

1 .  in  the 

10 

20 

50 

100 

200 

500 

Titer 

serum 

dilutions. 

Units 

absorbed  in 

Test 

Guinea- 

1 

pig 

4 

10 

20 

125 

2 

« 

5 

8 

50 

1000 

3 

" 

6 

10 

20 

33 

1000 

4 

n 

6 

12 

24 

40 

1000 

5 

K 

5 

19 

41 

70 

100 

4000 

6 

Rabbit 

10 

20 

50 

50 

Normal,  untreated. 

7 

w 

10 

18 

30 

44 

77 

1000 

8 

l» 

10 

20 

50 

100 

100 

Normal,  untreated. 

9 

n 

45 

80 

150 

2000 

10 

« 

18 

35 

55 

100 

800 

11 

ft 

10 

19 

37 

70 

125 

800 

12 

« 

10 

20 

47 

92 

160 

340 

10000 

13 

N 

47 

90 

167 

375 

6000 

14 

n 

10 

20 

47 

86 

160 

300 

6000 

15 

M 

47 

92 

150 

375 

4000 

16 

N 

19 

46 

88 

150 

300 

4000 

17 

"72 

50 

100 

100 

animal  three  days  immune. 

18 

"72 

99 

194 

450 

1000 

animal  six 

days 

immiine . 

19 

"72 

198 

485 

16000 

animal  ten 

days 

immune . 

20 

"BO 

91 

175 

35  0 

800 

animal  five  days 

immune . 

21 

-80 

96 

1R8 

426 

8000 

animal  nine  days 

immune. 

09 
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many  cases,  the  absorption  seerns  to  vary  with  the  titer 
of  the  serum,  but  this  is  not  constant,  and  the  differences 
in  titers  above  2,000  units  per  cc.  seem  to  have  no 
definite  relation  to  the  absorption.   Normal  rabbit 
seruni,  in  spite  of  jts  low  titer,  gives  complete  absorption 
from  the  undiluted  aerum. (Tests  6  and  8).   Most  of  the 
other  low-titered  sera  were  obtained  from  rabbits  that 
had  formerly  had  high  titers,  and  the  absorption  from 
these  was  uniformly  low.   Tests  17  to  21,  however,  were 
made  with  the  sera  of  rabbits  72  and  RO,  drawn  diiring 
the  first  few  days  of  immunization.   They  all  show 
uniformly  high  absorption,  although  the  titers  vary 
from  100  to  16,000  units  per  oc. 

These  results  seem  to  indicate,  therefore,  that, 
although  in  many  cases,  the  higher  the  titer  the  hj gher 
the  absorption,  it  is  not  the  titer  of  the  aerum,  per  se, 
whj ch  causes  the  variation.   Rather,  it  would  Indicate 
that  the  extent  of  absorption  is  dependent  on  the  time 
the  animal  is  immune,  the  higher  absorption  being 
obtained  early  in  the  period  of  immunity.   This  variation 
may  be  caused  by  some  inhibiting  substance  which  is 
present  in  the  serurr  in  larger  quantities  later  in  the 
immunity  period. 


VII.   Selective  Absorption. 

In  the  preceding  section,  it  was  indicated  that 
the  variation  in  absorption  may  be  due  to  some  disturbing 
element  in  the  serum,  the  lowering  of  the  absorption 
depending  on  the  amount  of  this  substance  present.   It 
was  not  possible  to  show  any  influence  of  the  fluctuations 
of  the  serum  proteins,  so  evidently  the  disturbance  is 
not  due  to  the  serum  proteins  as  such.   The  problem 
now  is  to  determine  the  nature  of  this  element,  if 
possible,  and  its  mode  of  action,  i.e.,  whether  it  is 
taken  up  by  the  cell,  or  acts  merely  by  virtue  of  its 
presence  in  the  serum. 

It  has  been  noted  before  that,  when  the  logarith- 
mic plots  of  the  absorption  are  made,  some  of  the  curves 
represent  straight  lines  while  others  do  not.   Curve  A, 
Fig.  3,  for  which  K  =  165.9,  approaches  the  straight 
line  very  closely.   Curve  B,  in  the  same  figure,  repre- 
sents a  test  made  on  the  serum  of  the  same  rabbit,  drawn 
6  days  later.   The  titer  had  dropped  from  20,000  units 
to  16,000  units  per  cc,  with  a  drop  in  the  absorption 
constant,  K  =  80.73,   The  plot,  as  is  seen,  deviates 
considerably  from  the  straight  line,  the  deviation  being 
m.ost  pronounced  in  the  higher  concentrations.   Figs.  4 
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Explanation  of  the  Figures: 

Fig.  6,   Logarithicic  plot  of  the  data  of  teat  14, 
Table  IX.   K  =  24.0,   n  =  0.58. 

Fig.  7.   Similar  plot  of  test  16,  Table  IX. 
K  =  6.53,   n  =  0.56. 

Fig.  8.   Similar  plot  of  test  8,  Table  IX. 
K  =  8.0,   n  =  0.31. 

Fig.  9.   Similar  plot  of  teat  7,  Table  IX. 
K  =  15.0,   n  =  0.41. 
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and  5  represent  comparatively  high  values  for  K,  but  In 
neither  ia  it  so  high  as  in  curve  A,  Fig.  3.  These  plots, 
also,  deviate  from  the  straight  line  in  the  higher  con- 
centrations of  antibody  units.  Figs.  6  to  9  all  repre- 
sent very  low  values  for  K,  and  in  these  is  seen  a  drop 
in  the  curve  in  the  intermediate  concentrations. 

This  deviation  of  the  curve  from  the  straight 
line,  according  to  a  physical  interpretation,  means 
that  there  is  a  selective  absorption  of  the  antibodies, 
the  amount  of  selection  differing  with  the  concentration. 
Selective  absorption  may,  although  does  not  necessarily, 
denote  the  presence  of  two  or  more  substances  in  the 
serum  capable  of  being  absorbed. 

It  was  tentatively  assumed,  therefore,  t-hct-t 
that  the  variations  in  the  absorption  are  caused  by  the 
presence  of  some  inhibiting  substance  in  the  serum;  and 
that  this  substance  exerts  its  influence  by  virtue  of 
its  own  absorption  by  the  cell.   The  following  "multiple 
absorption"  experiments  were  carried  out  to  support  or 
disprove  this  hypothesis. 

Sheep  cells,  one  unit,  were  allowed  to  take  up 
a  certain  number  of  units  of  x  sensitizer  from  a  seriom 
that,  from  previous  tests,  had  been  found  to  have  a 
comparatively  high  absorption  constant.   (The  value  of 
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K  was  not  determined  exactly  In  these  experiments,  but 
only  estimated  to  be  high  or  low  in   proportion  to  the 
amount  of  absorption  from  the  conoentrations  tested, ) 
Another  similar  lot  of  cells  was  allowed  to  take  up 
sensitizer  from  a  serum  having  a  lower  absorption  con- 
stant.  Both  lots  of  cells  were  then  separated  from  the 
supernatant  liquid  by  centrifuging  at  low  speed,  and 
each  treated  with  an  equal  number  of  units  of  sensitizer 
from  one  serum.   The  amount  of  absorption  was  determined 
as  in  the  preceding  experiments. 

If  this  inhibiting  element  is  really  taken  up 
by  the  cells,  those  which  had  received  a  certain  niunber 
of  units  of  sensitizer  from  a  serum  with  a  low  absorption 
constant  should  be  more  resi3t?ant  to  further  sensiti- 
zation than  cells  which  had  received  an  equal  number  of 
units  from  a  serum  with  a  higher  absorption  constant. 
The  results  of  the  experiments  described  below  agree 
with  the  expectationa. 

Experiment  1 : 

(a).  First  Absorption,-  Set  (l)  *,  One  unit  of 
sheep  cells  was  treated  with  50  units  of  fresh  guinea- 
pig  immune  serum,  titer  l/l50.   Titration  of  the  super- 


*  All  sets  were  made  in  duplicate, 
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natant  liquid  showed  only  5  units  absorbed.   The  value 
of  K,  therefore,  is  very  low.   Set  (2),  One  unit  of 
sheep  cells,  treated  with  50  units  cf  nJlJ^^a-pifr  linmune 
aerum,  titer  1/5000,  absorbed  20  units  of  sensitizer. 
The  value  for  K  is,  therefore,  much  higher  than  for  the 
serum  of  Set  (l),  although  still  rather  lovt . 

(b).   Second  Absorption.-  Each  lot  of  cells 
was  then  treated  with  50  vinits  of  the  second  serum, 
titer  1/5000,   By  titration  of  the  supernatant  liquid, 
lot  1  was  found  to  have  taken  up  5  more  units,  while 
lot  2  absorbed  10  more.   The  serirni  with  the  lower 
absorption  constant  was,  therefore,  more  effective  in 
preventing  further  sensitization  of  the  cells  than  the 
serum  with  the  higher  absorption  constant. 
Experiment  2: 

(a).  First  Absorption,-  Set  (1),  One  ujiit  of 
cells,  treated  wj.th  100  units  sensitizer  from  rabbit 
serum,  titer  1/1200,  absorbed  50  units.   The  value  for 
K  is,  therefore,  comparatively  low.   Set  (2),  One  unit 
of  cells,  treated  with  100  units  sensitizer  from  rabbit 
serum,  titer  1/5000,  topk  up  90  units.   The  value  for 
K  then  is  comparatively  high, 

(b).  Second  Absorption.-  Each  lot  of  cells, 
after  separation  from  the  supernatant  liquid,  was 
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treated  with  100  units  sensitizer  from  the  second  serum, 
titer  1/5000.   Lot  1  took  up  so  small  an  amount  in  this 
second  absorption  that  it  was  not  titratable,  while 
lot  2  took  up  25  more  units.   Here,  50  units  taken  up 
from  the  serum  with  the  lower  absorption  constant  were 
more  effective  in  preventing  further  sensitization  of 
the  cells  than  90  units  from  the  second  serum. 
Experiment  3: 

(a).  First  Absorption.-  Set  (l).  One  vmit  cells, 
treated  with  100  units  sensitizer  from  rabbit  aerxjm, 
titer  1/600,  absorbed  completely  100  units.   The  value 
of  K  is  high  then,  in  spite  of  the  low  titer.   Set  (2), 
One  unit  of  cells,  treated  with  200  units  sensitizer 
from  rabbit  seriun,  titer  1/4000,  absorbed  100  uriita. 
The  value  for  K,  therefore,  is  much  lower  than  for  the 
serum  of  Set  (1 ) . 

(b).  Second  Absorption.-  Each  lot  of  cells  was 
then  treated  with  200  units  of  sensitizer  from  the  second 
serum,  titer  1/4000.   Cells  of  lot  1  absorbed  75  more 
units,  and  those  of  lot  2  absorbed  30  more.   The  seriJm 
with  the  lov/er  absorption  constant  is  here,  also,  the 
more  effective  in  making  the  colls  resistant  to  further 
sensitization. 

Experiment  4: 

(a).  First  Absorption.-  Set  (l),  One  unit  of 
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cells,  treated  with  200  unlta  of  eenaitizer  froin  rabbit 
seriun,  titer  1/4000,  absorbed  80  units.   The  abaorption 
constant  is  very  low.   Set  (2),  One  unit  of  cells,  treated 
with  120  units  sensitizer  from  rabbit  serum,  titer  1/500  , 
took  up  120.   The  absorption  constant,  therefore,  must 
be  very  high, 

(b).  Second  Absorption.-  Each  lot  of  oolla,  after 
separation  from  the  siapernatant  liquid,  were  treated 
with  120  units  from  the  second  rabbit  serum,  titer  1/500. 
Lot  1  absorbed  40  units  more,  while  lot  2  took  up  110 
more.   In  this  case,  also,  the  absorption  from  the  serum 
having  the  lower  value  for  K  is  much  more  effective 
in  making  the  cells  resistant  to  further  sensitization 
than  absorption  from  the  serum  with  the  high  value  for  K. 

In  every  case,  in  the  foregoing  experiments, 
the  antibodies  taken  up  by  the  cells  from,  the  serum 
with  the  lower  absorption  constant  had  much  more  in- 
fluence in  inhibiting  further  sensitization  of  the  cells 
than  a  larger  number  of  antibodies  taken  up  from  the 
senom  with  the  higher  absorption  constant.   It  is 
obvious,  thereforo,  that  the  inhibiting  element,  what- 
ever its  nature,  can  be  taken  up  by  the  cells,  and 
and  probably  in  proportion  to  its  combining  affinity, 
inhibits  the  absorption  of  the  antibodies. 
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VIII.   Variation  of  the  Absorption  with  the  Length 
of  the  Period  of  Immimity. 

In  the  foregoing  section,  it  was  found  that 
the  disturbing  element,  which  InhibltB  the  absorption 
of  the  antibodies,  la  actually  taken  up  by  the  cells 
along  with  the  antibodies.   In  Section  VI,  it  was  indi- 
cated that  the  amount  of  this  substance  probably  varied 
during  the  time  that  the  animal  is  inmune .   In  this 
Section,  it  is  purposed  to  show  how  the  absorption 
varies  during  the  immunity  of  the  animal,  which  varia- 
tion seems  to  give  some  indication  as  to  the  nature  of 
the  disturbing  factor. 

A  careful  record  of  rabbits  4R1  and  4R6  was 
kept  while  testing  for  the  relation  of  the  serum  pro- 
teins to  absorption.   The  animals  were  given  three 
injections  within  the  first  nine  days  and  no  more  during 
the  116  days  they  were  under  observation.   Table  XI 
shows  the  fluctuations  in  the  absorption  from  their 
sera,  also  the  titers  and  the  nijmber  of  days  after  the 
first  injection  when  the  serum  was  drav/n.   In  Figs,  10 
and  11  are  plotted  the  observations. 

The  first  tests,  made  on  the  16th  day,  showed  a 
high  titer  and  a  comparatively  high  absorption.   The 
second  test,  on  the  24th  day,  showed  a  great  drop  in 
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Table  XI.  Absorption  Teste  on  the  Sera  of  Rabbits  481 
and  486,  Drawn  at  Intervals  During  a  Period 
of  Inrnimity  of  116  Days.  » 


Concentration  of 

Days 

antibody  units 

im- 

per CO,  in  the 

bO, 

100 

200 

500 

1000 

Titer 

mune 

serum  dilutions. 

Units  absorbed 
fropi  seruK  of 


Rabbit 

481, 

Test 

A 

1 

94 

175 

400 

600 

10000 

16 

n 

# 

2 

30 

50 

91 

160 

1500 

24 

n 

Jt- 

3 

30 

55 

100 

800 

62 

n 

S 

4 

23 

37 

81 

600 

80 

It 

# 

5 

30 

45 

98 

5  00 

91 

n 

* 

6 

30 

5  0 

110 

5  00 

110 

# 

7 

42 

76 

140 

330 

500 

116 

Rabbit 

486, 

"Test 

~w 

1 

94 

180 

410 

670 

8000 

16 

« 

# 

2 

30 

52 

91 

160 

1500 

24 

" 

# 

3 

40 

80 

150 

1000 

62 

" 

A 

4 

38 

71 

80C 

80 

n 

# 

5 

30 

55 

102 

500 

91 

•• 

# 

6 

35 

65 

120 

600 

110 

" 

# 

7 

40 

71 

135 

370 

6  00 

116 

«  These  rabbits  received  three  injections  of 
washed  sheep  corpuscles  within  the  first  nine  days. 
Each  injection  consisted  of  3  cc.  of  the  cells,  measured 
in  terms  of  whole  blood. 
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Table  XII.  Absorption  Teots  on  the  Sera  of  Rabbit  69 
and  a  Goat,  Drawn  at  Intervals  During  the 
Period  of  Immunity. 


Concentrati 

on   of 

Days 

antibody 

lin 

its 

im- 

per 00. 

in 

the 

5  0 

100 

200 

500 

1000 

Titer 

mune  . 

serum  dilutions. 

Units  absorbed 

from  seriJim 

of 

Rabbit 

69 

J.   * 

Test 

"T" 

1 

99 

194 

450 

1000 

6 

" 

# 

2 

198 

485 

875 

20000 

10 

" 

4 

3 

194 

452 

690 

16000 

16 

" 

4t 

4 

60 

100 

200 

300 

2000 

27 

" 

* 

5 

75 

120 

250 

400 

1000 

37 

It 

4t 

6 

75 

125 

25  0 

800 

45 

II 

s 

7 

75 

130 

275 

400 

600 

62 

" 

s 

8 

86 

150 

350 

500 

600 

86 

Goat, 

#* 

Test 

# 

1 

49 

96 

180 

1000 

10 

It 

# 

2 

20 

30 

70 

2000 

19 

It 

# 

3 

40 

70 

100 

1000 

49 

It 

# 

4 

40 

70 

1000 

63 

It 

# 

5 

40 

70 

100 

1000 

65 

II 

# 

6 

45 

75 

120 

1000 

92 
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«  Rabbit  69  received  two  injections  with  a 
six-day  interval . 

-?:••»   The  goat  received  three  large  injections 
of  about  8  cc.  each  and  ten  very  small  injections 
of  about  1.5  cc.  each.   The  last  injection  was  one 
month  before  the  final  test. 
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Explanation  of  the  Figures: 

Fig.  10.   PlotB  of  the  abaorption  from  the  eertJin 
of  rahbit  481  against  the  time  of  iinmanity.   See  Table  XI. 
Curve  A  represents  the  absorption  from  200  units,  B, 
from  100  iinits,  and  Curve  C  represents  the  squa^re  root 
of  the  titer. 

Fig.  11.   Similar  plot  for  rabbit  486,  Table  XI. 
Curve  C  represents  the  absorption  from  50  units,  and 
D  represents  the  square  root  of  the  titer. 

Fig.  12.   Similar  plot  for  rabbit  69,  Table  XII. 
Curve  A  represents  the  absorption  from  500  units,  and 
B  from  200  unite.   The  titers  of  the  sera  on  the  various 
days  is  indicated  at  the  top  of  the  chart. 

Fig.  13.   Plot  similar  to  Fig.  11,  for  the  goat. 
See  Table  XII. 
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tho  titor  and  a  oorves-pondlng   drop  in  the  absorption. 
Following  the  initial  drop,  the  titer  dropped  v^ry 
gradually  until  about  tl;9  o3nd  day,  and  from  then  on 
}isld  fairly  oonstant  ixatil  tho  li.at  obaorvation  on  ths 
116th  day.   Further  observations  were  not  possible  on 
account  of  the  death  of  the  animals.   In  the  case  of 
rabbit  481,  where  the  titer  dropped  gradually,  or  held 
alrrost  oftnatant,  the  absorption,  although  fluctuating 
somewhat,  also  held  fairly  oonntant,  and  toward  the 
end  of  the  period  of  observation,  showed  a  distinct 
rise.   The  fluctuations  of  the  absorption  from  the  serum 
of  rabbit  486  were  more  pronounced,  showing  a  marked 
rise  after  the  initial  drop,  wjth  a  rot  so   marked  rise 
at  the  end.   It  is  highly  probable,  however,  judging 
from  other  observations  described  below,  that  the  rise 
at  tiie  end  would  have  continued  higher,  had  it  been 
possible  to  make  further  tests. 

The  results  from  these  two  rabbits  seemed  sig- 
nificant, BO  a  number  of  others  were  started.   Unfor- 
tiinately,  all  except  one,  rabbit  69,  died  so  their 
history  is  not  recorded  here.   A  goat  was  also 
imjnunized  and  its  history  followed.   Table  XII  and  Figs. 
18  and  13  show  the  observat j.ons  on  these  animals. 

The  results  agree  very  well  with  those  obtained 
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with  the  other  two  rabbits.   Even  though  the  titer  is 
not  high  at  first,  the  absorption  is  high,  wjth  a  great 
drop  within  the  aeoond  or  third  weel;  of  the  period  of 
iKTiianity.   Following  this,  the  absorption  holds  about 
ooiistant  for  a  time,  after  which  it  shows  a  more  or 
less  gradual  rise. 

The  history  of  these  ar.iirials  seems  highly  sig- 
nificant in  suggesting  an  explanation  as  to  the  nature 
of  the  disturbing  factor  in  tlie  absorption.   In  nearly 
every  case,  the  sudden  initial  drop  in  tl^e  absorption 
is  accompanied  by  a  similar  drop  in  titer.   In  the 
case  of  the  goat,  this  is  not  evident,  but  nine  days 
had  elapsed  between  the  first  and  second  tests,  during 
which  the  titer  may  have  gone  higher  and  dropped  back 
to  1/2000. 

It  is  conceivable  that, as  the  amboceptor  content 
of  tJie  animal's  blood-stream'  drops,  the  destruction  of 
the  antibody  occurs  in  prcgresBive  stages,  the  first 
stage  being  merely  the  loss  of  the  power  to  sensitize 
the  cells  to  the  action  of  complement.   The  ability  to 
combine  with  the  cell  would  still  be  retained  for  a 
tim.e.   These  would  be,  in  effect,  somewhat  analogous  to 
the  "agglutinoids"  of  Ehrlich,  which  v/ere  worked  out  so 
thoroughly  by  Eisenberg  and  Volk  (22).   In  titrating 
the  serum,  then,  these  deterioration  products  of  the 
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amboceptor  would  not  be  detected,  and  one  heir.olyzing 
unit  would  contain,  in  addition  to  the  antibodies,  a 
variable  amount  of  the  deterioration  products.   Those 
whjch  still  retained  their  affinity  for  the  antipen 
would,  jn  the  absorption  experiments,  tend  to  cause  a 
lowering  of  the  absorption  of  the  antibodies.   The 
fact  that  the  greatest  lowering  of  the  absorption  is 
coincident  with  the  most  rapid  destruction  of  the 
antibodies  is  very  forcibly  suggestive  that  the  sub- 
stance in  the  serum  v/hich  causes  this  disturbance  iray 
be  defined  as  the  products  of  the  destruction  of  the 
antibodies . 


'  f  Ivf 


-56- 


Discussion. 

It  has  been  found  that,  in  the  absorption  of 
hemolytic  immune  bodies  by  red  cells,  immense  quantities, 
as  much  as  2000  unita  or  more,  may  be  taken  up  by  one 
unit  of  cells,  provided  their  concentration  in  the 
surrounding  medium  is  sufficiently  high.   On  the  other 
hand,  all  the  antibodies  are  often  not  taken  up  even 
from  concentrations  as  low  as  50  units  per  cc.   This  is 
certainly  not  in  accordance  with  the  theory  of  chemical 
valencies.   It  has  been  found,  moreover,  that  this  absorp 
tion  follows,  more  or  less  strictly,  the  physical  law 
proposed  by  Arrhenius,  which  applies  to  the  distribution 
of  a  solute  between  two  immiscible  solvents.   The 
equation,  B  =  K  C  ,  which  represents  this  law,  could, 
however,  with  equal  accuracy,  be  applied  to  simple 
adsorption  plienomena,  such  as  the  taking  up  of  acetic 
acid  from  a  benzol  solution  by  silica  gel.   Arrhenius 
assumed  that  all  absorption  tests  with  the  hemolytic 
system  would  follow  this  law  within  the  limits  of  ex- 
perimental error,  but  it  was  shown  by  ^•anwa^ing,  and 
confirmed  in  this  paper,  that  many,  in  fact,  most  of 
the  absorption  tests  do  not  follow  this  law  strictly, 
as  is  shown  by  the  deviation  of  the  logarithmic  curves 
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from  tho  straight  line. 

One  of  t]:ie  moat  striking  tilings  about  the  absorp- 
tion of  hemolytic  antibodies  is  the  great  differences 
obtained  with  the  different  sera.   While  with  many  sera 
the  absorption  is  very  low,  incomplete  even  froir  a  con- 
centration of  antibodies  as  low  as  8C  iinite  per  cc., 
with  other  sera  the  absorption  is  practically  complete 
froiD  as  much  as  2  00  units  per  cc. 

The  antiperi-antibody  combination  takes  place 
with  great  rapidity.   A  largo  proportion  of  the  anti- 
bodies are  absorbed  almost  instantly.   Equilibrium  is 
almost  established  v/ithin  five  minutes,  and  in  every 
case  within  fifteen  minutes  with  any  concentration  of 
the  antibodies. 

The  variability  of  the  absorption  from  the 
different  sera  is  shown  also  in  the  extraction  at  the 
various  temperatures.   The  extraction  is  always  less 
at  0°  than  at  room  temperature,  and  becomes  progressively 
less  again  as  the  temperature  is  raised  to  45°  and  above. 
The  differences  in  the  different  sera  become  evident  in 
the  absorption  at  room  temperature  and  at  37",   Of  the 
sera  that  were  tested,  the  majority  gave  the  highest 
extraction  at  37*-  40*.   Others  showed  tlie  highest 
extraction  at  about  room  temperature,  15°-  25*".    This 
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indicates  that  the  optiniiJin  temperature  for  the  antlp-en- 
antibody  combination  is  a  variable,  the  absolute  value 
of  which  depends  on  the  particular  lot  of  serum  used 
in  the  test. 

An  endeavor  was  made  to  deteririne  the  cause  of 
the  extreme  variations  obtained  in  the  absorption  from 
the  different  lots  of  serum.   A  large  number  of  teats 
were  made  on  the  different  sera,  at  the  same  time  making 
quantitative  determinations  of  the  globulins  and  albumins. 
The  quantitative  fluctuations  of  the  serum  proteins  were 
not  shown  to  bear  any  direct  relation  to  the  variations 
jn  the  absorption.   They  may,  however,  exert  some  more 
indirect  influence  which  was  not  detected  by  this  method. 

Although  in  many  cases,  the  seriom  with  the  lower 
titer  gave  the  lower  absorption,  this  was  not  constant, 
and  v/lth  titers  of  2,000  units  per  cc.  or  higher  the 
differences  did  not  seem  to  bear  any  relation  to  the 
amount  of  sensitizer  taken  up  by  the  cells.   Normal  sera 
and  sera  that  were  drawn  early  in  the  period  of  immunity 
gave  uniformly  high  absorption,  regardless  of  the  titer. 
This  indicates  that  the  lower  absorption  comes  about  as 
a  result  of  some  change  in  the  Beri,mi  after  the  animal 
is  immunized. 

This  lowered  absorption  is  evidently  due  to 


}  o  arid'   i  • 


OilOJtiJBiT 


-  J./0  >  J  o     fa  SblO  v>    iiOX  J  C£ ' 

r  M-it^je  arid-   -■■  '"^     ^ 


voei.tbTit 


—59- 


some  substance  in  the  eeruin  which  is  absorbed  by  the 
cells  along  with  the  sensitizer;  it  is  probable,  also, 
that,  in  proportion  to  the  combining  affinity  of  this 
substance,  the  absorption  of  the  antibodies  is  inl-iibited. 
This  is  shown  by  the  fact  that  cells,  which  take  up 
sensitizer  from  a  serum  that  gives  a  low  absorption, 
are  more  resistant  to  further  sensitization  than  an 
equivalent  lot  of  cells  sensitized  with  a  larger  number 
of  antibody  units  from  a  serum  that  gives  a  high 
absorptiort.   The  serum,  therefore,  that  gives  the  higher 
absorption,  has  the  smaller  percentage  of  this  inliibiting 
substance,  as  compared  to  the  number  of  antibodies. 

It  is  true  that  the  number  of  animals  is  not 
large,  for  which  the  history  was  kept  of  the  absorption 
at  intervals  during  the  period  of  immunity.   The  results, 
however,  are  consistent.   The  fact  that,  in  every  case, 
the  absorption  is  highest  early  in  the  immunity  period, 
and  that  the  greatest  drop  in  the  absorption  is  co- 
incident with  the  most  rapid  drop  in  titer,  is  forcibly 
suggestive  that  the  inhibiting  substance  represents  the 
deterioration  products  of  the  amboceptor,  i.e.,  the 
amboceptors  which  have  lost  their  sensitizing  power, 
but  still  retain  their  combining  affinity  for  the  antigen, 
This  would  be,  in  effect,  somev/hat  analogous  to  the 


^:JU 


■60- 


"agplutincids"  of  Ehrlich.   This  hypothesis  would  ac- 
count, not  only,  for  the  great  differences  in  the 
absorption  from  the  different  sera,  but  also  for  the 
fact  that  80  many  of  the  teste  fall  to  conform  to  the 
equation  proposed  by  Arrheniua* 
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Summary . 

1,  Red  cells,  when  treated  with  their  apecifio 
imniime  eeruE,  take  up  amounte  of  sensitizer  which  vary 
with  the  concentration  of  the  sensitizer  in  the  sur- 
rounding medi\;mi.   Although  from  very  low  concentrations, 
all  is  not  absorbed,  as  much  as  2,000  units  or  more 

may  be  taken  up  by  one  unit  of  cells,  provided  the 
concentration  of  the  antibodies  is  sufficiently  high. 

The  logarithmic  plots  of  some  of  the  tests 
approach  a  straight  line  very  closely,  while  many  deviate 
considerably  from  the  straight  line.   The  am.ount  of 
deviation  of  the  curve  is  proportional  to  the  amount  of 
deviation  of  the  tests  from  the  physical  law  proposed 
by  Arrheniua,  which  is  expressed  by  the  equation,  B  =  K  c", 
The  am.ount  of  absorption  varies  also  with  the  serum 
used.   Some  give  practically  complete  extraction  from 
as  much  aa  200  units  per  cc,  while  with  other  sera, 
all  is  not  absorbed  from  concentrations  of  antibodies 
as  low  as  50  imits  per  cc. 

2.  The  combination  of  the  red  cell  and  its  anti- 
body is  extremely  rapid.   In  every  case,  fifteen  minutes 
were  found  to  be  sufficient  time  for  equilibrium  to  be 
established. 
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3.  With  the  majority  of  aera  the  extraction 
of  eensltizer  by  the  cells  was  found  to  be  greatest 
at  a  temperature  of  about  37  .  Spme  sera,  however, 
gave  more  complete  absorption  at  15 **  to  25  than  at 
any  other  temperature . 

4.  Neither  the  quantitative  fluctuations  of  the 
serim  proteins  nor  the  titer  of  the  seriroi  was  found  to 
have  any  constant  relation  to  the  variations  in  the 
absorption. 

5.  Cells,  sensitized  with  a  serum  which  gave 

a  low  absorption,  were  more  resistant  to  further  sensi- 
tization than  cells,  sensitized  with  a  much  larger 
number  of  units  from  a  serum  which  gave  a  high  absorption, 
This  indicates  that  the  substance  in  the  serum, that 
inhibits  the  absorption,  is  really  absorbed  by  the  cells 
along  with  the  antibodies. 

6.  In  every  case  tested,  the  extraction  of  the 
antibodies  was  greatest  from  serum  drawn  early  in  the 
period  of  immunity,  regardless  of  the  titer.   The 
greatest  drop  in  the  absorption  was  found  to  be  co^r 
incident  with  the  most  rapid  drop  in  the  titer. 

7.  The  acciamulated  evidence  is  forcibly  sug- 
gestive that  the  great  variations  in  absorption  are 
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due  to  the  presence  of  the  deteriorat iori  products  of 
the  antibodies,  i.e.,  the  antibodies  which  have  lost 
their  sensitizing  power  but  still  retain  their  affinity 
for  the  antigen. 
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